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SUMMARY. 
1. Volatile aliphatic acids were found in consiclerable amount 
in all samples of good silage which we examined. 
2. Acetic acid comprisecl about nine tenths ·of the total 
volatile acid present. 
3. Propionic acicl was next in importance to acetic. 
4. Butyric acid was found in consiclerable amounts only in 
samples where some slight indications of spoiling were other-
wise apparent. 
5. Alcohols were found in appreciable quantities, but esters 
only in traces. 
6. As far as volatile acids and alcohols are concerned, no clif-
ferences were noted which could be attributed to clifferences 
in the type and construction of the silo. 
VOLATILE ALIPHATIC ACIDS OF CORN 
SILAGE. 
ARTHUR W. DOX. RAY E. NEIDIG. 
INTRODUCTORY. 
rfhe formation of silage from green corn is invariably 
accompanied by the development of acid. Some writers draw 
a distinction between" sweet" ann" sour" silage, but the dif-
ference seems to be due rather to the temperature at which 
the fermentation has taken place or to variations in the ma-
turity of the corn than to the presence or absence of acid. 
Samples of so callen sweet silage examined by us were always 
found to contain consinerable acin. It may safely be said there-
fore that the presence of acid is one of the criteria of goon 
silage. 
The chief function of the acid seems to be that of a pre-
servative. The complex constituents of the plant which would 
otherwise undergo putrefaction or decay are thus protected 
from the clestructive action of bacteria that thrive only in 
neutral or alkaline media. ,The production of acid proceeds 
very rapinly ann usually attains its maximum within two 
weeks. Some minor changes may continue for a few weeks 
longer, but these are of only secondary importance. The 
acidity which is neveloped (luring this short period of matura-
tion is sufficient to check materially any further biochemical 
reactions, provided anaerobic conditions are maintained. lIence 
the numerous observations recorded where silage has been 
preserve(l in excellent condition for a number of years. 
The nature of the acid in silage has not been extensively 
studied. The fact was long ago observen that part of the acin 
could be removed by boiling ann recoveren in the distillate. 
By titrating the silage extract before and after boiling, or by 
titrating the distillate ann the residue separately, a rough 
method was afforded for determining the volatile ann the non-
volatile acid. The volatile portion was founn to contain con-
siderable acetic acin, while the presence of lactic acid was 
demonstrate(l in the non-volatile resinue. The acids of silage 
have therefore generally been estimated as acetic or lactic 
according to whether they were volatile or non-volatile. The 
fact that homologues of these two acids might also be present 
has not been considered of any particular importance up to 
this time. 
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VOLATILE ALIPHATIC ACIDS AND THEIR POS'SIBLE 
SOURCES. 
The aliphatic acirls comprise an homologous series with pro-
gressive variation in physical and chemical properties. The 
first six are quite volatile and may be distilled at orrlinary 
atmospheric pressure without decomposition. It is to these six 
that the work discussed in the experimental part of this paper 
is rlevoted. 
As has been staterl above, the acirls of silage make their 
appearance soon after filling the silo. '1'he biological processes 
involved have not been closely followe(l. Practically all we know 
regarding them is based upon analogy with other processes of a 
similar character where the end products are much the same. 
A theoretical discussion will not be entered into here, beyond 
merely ponting out the possible sources of these volatile acids. 
Biological factors, such as microorganisms and enzymes, are 
known to have the power of converting many organic sub-
stances, either directly or indirectly, into fatty acid". 'rhree 
possible sources of the fatty acids in silage suggest themselves: 
]. Putrefaction of protein. ,This process is an indirect one, 
involving first a cleavage of the protein into amino acids, 
anrl a seconrlary reaction or series of reactions by which the 
amino acids are converted into volatile fatty acids. Examples 
of this process are afforded by the recent work of Neuberg-. "'ho 
grew pure cultures of bacteria upon amino acids obtaiuerl from 
the hydrolysis of protein. By this methorl, Neuberg obtained 
n-valeric acid from proline/ active valeric acid an(l active 
caproic acid from isoleucine." Other fatty acids are known to 
result from the putrefaction of protein, but in some cases 
they have not yet been traced to a particular amino acirl com-
ponent of the protein molecule. 
2. Hydrolysis of fats. ]'ats contain varying amounts of 
volatile fatty acirls in ester like combination with glycerol. 
When the fat undergoes en zymotic cleavage, these acids along 
with their higher homologues, are liberated as such. The acirls 
formed in this way are invariably the normal members of th e 
series. Acirls with side chains of carbon atoms are not known 
to result from hydrolysis of natural fats. In the case of 
silage, this possible source of fatty aci(ls is insignificant. except 
perhaps for the higher members of the series . 
3. Fermentation of carbohydrates. '1'his is by far the most 
important source of the volatile acids of silage. 'rhe changes 
which the carbohydrates undergo are in reality, we believe, 
the basis of silage formation. From the rapidity with "'hich 
'Biochemiscbe Zcitschrift, 3., 490-500 
' Ibid, 37, 501-50U. 
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the soluble sugars diminish nuring the early stages of the 
process, there can be little doubt that the acins are formen 
~hiefly at their expense. The mechanism of the reaction, how-
ever, has not been adequately investigated. It seems more 
than likely that the complex poly-saccharides must first be 
cOllverted into hexoses, and we have reason to believe that 
en~ymes are present in the cornstalk capable of effecting this 
change. The conversion of hexose into fatty acid, on the 
other hanel, is at present but little understoo(l. Sufficient evi-
dence has not yet accumulated to show conclusively whether 
this formation of acid is a direct or an indirect process. Esten1 
has founn large numbers of yeast cells in freshly prepared 
silage, ann believes that ' a fermentation into alcohol precedes 
the formation of acin. According to this view, the formation 
of volatile acid in silage is strictly analogous to the process 
of vinegar making. On the other hand, alcohol has not yet 
been found in sufficient amount to identify it as an intermediary 
product of any importance, ann moreover it is difficult to con-
ceive of sufficient oxygen in the silo to provine for the oxida-
tion of the alcohol, were it formed in any considerable amount. 
Numerous species of bacteria are known which produce one or 
more of these volatile acids when grown npon media contain-
ing sugar. The reaction is usually accompanien by the evo-
lution of carbon nioxide. Many attempts have been mane to 
write chemical equations to account for the production of 
volatile fatty acids from sugars, but most of these are empirical 
and do not take into account the theoretical improbability of 
some of the molecular rearrangements involved. 
In adnition to alcohol, other transitory products may give rise 
to volatile fatty acids. Thus the lactic acin which is normally 
present in silage may be reduced by bacteria into propionic acin. 
and it may give rise also to butyric acid, while gl,vcerol may 
likewise be converted into butyric acid. 2 The direct sonrces of 
these volatile acins are thereiore quite numerous, aml until we 
have some knowledge of the nature of those acids occurring in 
silage and the relative amounts in which they are present, an 
adequate conception of their mode of formation is not possible. 
METHODS OF DETERMINING VOLATILE ACIDS. 
A stlHly of the volatile aliphatic acids of silage involves, of 
course, numerous observations of the quantitative relationships 
of the indivinual members present. Qualitative tests are in 
this case of little value, since they can not be applied with any 
degree of certainty to mixtures. Some of the tests which Iwe 
'Storrs Agricultural Experiment Station, Bu!. No. 70. 
'l?itz, Bericbte der deutscben cbcmischcn Gesellschaft, 13, 1309-1312. 
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more or less characteristic for the particular acicl when it 
occurs in a state of comparative purity may fail altogether 
when the acid comprises only a small proportion of the mixture. 
Quantitative stuclies are also difficult of operation, inasmuch as 
they are all based upon progressive variations in the proper-
ties of these acids. The following table will serve to illustrate 
this principle of progressive variation. 
--- - Sp'ecific -
Acid Molecular Gravity Boiling Solubility of Weight o Degrees Point Silver Salt 
----
Formic 46 1.2448 101 
Acetic . .. 60 1.0701 118 1.037 
Propionic 74 1.0168 141 0.836 
Butyric .. 88 0.9886 163 0.485 
N-valeric 102 0.9562 186 0.185 
N-caproic . 116 0.9446 205 0.078 
Since these acicls differ in properties only by slight grada-
tions, a separation of the indiviclual acids occurring in a mix-
ture must be effecterl by some method of fractionation. Four 
methods of fractionation have been applied by previous investi-
gators to mixtures of these acids. Briefly statecl, they are as 
follows: 
1. Fractional clistillation, where advantage is taken of the 
difference in boiling points. 
2. Fractional liberation from their salts. The lower members 
of the series are more strongly electronegative than the higher 
members, anrl the addition of an insufficient quantity of min-
eral acid liberates only the higher acids leaving the lower 
acids still in the form of salts. This method was proposed by 
Liebig. 
3. Fractional crystallization of their salts. The silver salts 
ancl the barium salts have been used for this purpose. 
4. Fractional extraction of the dry barium salts with alcohol. 
Luck! claims to have effectecl a separation by this method. 
All of these methods require numerous repetitions of the 
operation before the acicls can be isolated in any state of 
purity. They have the disaclvantage also of necessitating a 
considerable outlay of time and material, and the results are by 
no means quantitative. 
A method of estimating these volatile aeids withont involv-
ing an actual separation has been elaborated b~r Duclanx.2 
This method does not seem to be widely known, although it has 
been llsed very successfully by a number of investigators. It 
lFl'cscnius' Zeitschrift ] 0, 185 . 
'Ann ales de Chimie et de Physique, 2, 289·324; also Traite de )iicrobi ologie, 
3, 388. 
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is very simple of operation ann has the deciden advantage oj' 
requiring only a small amount of material. The underlying 
principles and the netails of manipulation are outlined in the 
experimental part of this paper. Richmonn1 has objected to 
the method as proposed by Duclaux on the grounn that some 
condensation of the vapors may take place in the neck of the 
distilling flask, entailing a slight ' error, inasmuch as the con-
densed vapors would theoretically differ in composition from 
the portion (listilling over. This source of error can be elimi-
nated by surrounding the whole flask or retort with a constant 
temperature jacket to prevent connensation. 
This method has been fjuccessfully usen by Jensen2 in study-
ing yolatile aliphatic acins of Swiss cheese, by Suzuki, Hast-
ings and Hart3 in their stunies on acins of Chendar cheese, 
and by Selieber4 in determining the volatile acids produced by 
pure cultures of bacteria. All of these investigators obtained 
the mixe(l acids by acidifying the material to be examinen, ann 
distilling in a current of steam. After removing the other vola-
tile substances (esters, alcohols, etc.) ann reducing to the proper 
volull1f'. the acids were distilled and the nistillate fractionally 
titrated according to Duclaux. Suzuki and his collaborators 
were thus able to follow the variations in the amount of the dif-
ferent. acids through successive stages in the ripening of cheese. 
PREVIOUS WORK ON THE VOLATILE ACIDS OF SILAGE. 
'l'he first attempt to separate and inentify the volatile acins 
of silage appears to have been made by Manns5 at the Illinois 
Experiment Station. Manns took samples from the center 
and bottom ofa silo, and boiled repeatedly with water until 
no more acid distilled. 'l'he nistillate thus obtained was neu-
tralized and concentrated, then acidified ann extracten with 
ether and finally fractionated into several portions. By re-
peated fractionation, ann preparation and analysis of the 
barium salts, Manns sllcceened in identifying severnl homo-
logues of acetic acid. Despite the unavoinable losses which 
this methon entails, he proceeds to estimate the relative 
amounts of the acids present, and states that the mixture con-
siste(l approximately of 79% acetic, ] 8% butyric, 2% valeric. 
ann small amounts of caproic ann propionic. Subsequent 'writ-
ers have accepted these figures as applying to silage in gen-
eral, although Manns anmits that the silage examined by him 
was in "poor condition . " During the two decanes that have 
'The .\nalyst. 33, 30ti-313. 
'Landwirtschaftliches Jahrhuch del' Schweiz, 18, 319-405. 
'.Toul'1lal M Biological Chemistry 7, 431-458. 
'Comptcs Rendus de I' Academie des Sciences 150, 1267-1270. 
' Illinois Agricultural Experiment Station, Bull. No. I, 190-1D3. 
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elapsen since this investigation by Manns, the silo has attainen 
a greater degree of perfection, ancl it is only reasonable to sup-
pose that the composition of our present nay silage might be 
somewhat different. 
Griffiths' claims that the amount and character of the acins 
of silage are dependent upon the temperature at which the 
process of ensiling has taken place. With differences in tem-
perature, variations occur in the bacterial flora depending 
upon the heat resisting power of the organisms. His observa-
tions were based mainly upon the fact that the temperature 
decreased with the clepth in the silo, and this decrease of tem-
perature was accompanied by an increase in volatile acids. 
As the details of his experiments and the methods usen by 
him are not given, the writers are inclined to regard his results 
as inconclusive. Many other factors besides temperature are 
to be considered, such as the age of the silage, greater pressure 
and exclusion of air toward the bottom, and the tendency of 
the soluble matter to work its way downward. 
In more recent years RusselF mane a stuny of the chemical 
constituents of silage and succeeded in inentifyiog some 18 
substances. '1'he volatile acids he identified by fractional pre· 
cipitation and analysis of the silver salts. Those which he 
found were formic, acetic, propionic, butyric, ann caproic. 
lIe makes no statement, however, as to the relative amounts in 
which these acids were present. 
From this brief resume of previous work, it will be seen that 
the volatile acids of the fatty series, from formic to caproic, 
are known to occur in silage. In only one instance, however, 
was an attempt mane to establish the quantitative relationship 
of these acids, and in this case there is much to be desired, 
since the netermination was ma(le upon a single sample ann the 
silage usen was arlmittedly in poor condition. With the great 
variety of silos in use at the present time, the numerous varie-
ties of corn lisen for ensiling, and the different conditions of 
maturity, temperature, and other factors that may influence 
the nature of the final product, some differences may be 
expected in the chemical composition of silage. Yet an expert 
has no difficulty in distinguishing goon silage from poor silag'e, 
mainly by onor ancl taste, ann it is probable that good silage 
from various sources would not show any great variations in 
chemical composition. This is especially true of the volatile 
acids of silage, since they and their corresponding alcohols and 
esters contribute more than any other factor to the taste ancl 
smell of the silage. 
'Chemical News, 70, 273-275. 
'Joul'nal of Agl'icultural Science, 2, 3D2-410 . 
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EXPERIMENTAL. 
Realizing the importance of these volatile aliphatic acids to 
the proper development of silage, several months of preliminary 
work were conducted with the view of determining the con-
ditions most suitable for collecting samples anil examining 
them for fatty acids. As these samples were all taken from 
a single silo and the volatile aciil was not recovered quantita-
tively, the analytical figures will not be reproc1uceil here. The 
evidence obtained in these preliminary studies seemed to indi-
cate, however, th,at asiile from acetic which occurred in largest 
amount, propionic acid was the most important. The latter 
acid has been reported by other investigators as occurring only 
in traces in silage and our observation seemeil important enough 
to warrant a more extensive study. The silage examined by 
11S was in excellent 'Conilition, whereas that with w'hich Manns 
worked was in poor condition, thus suggesting the possibility 
that the relative amounts of propionic anil butyric aciils might 
be some indication as to the quality of the silage. This point 
will be discussed more fully after our experimental evidence 
has been adducen. 
Before entering upon a description of the Duclaux method, a 
brief review of our preliminary work will be given, with special 
reference to the difficulties encountereil and the modifications 
by which they were overcome. The chief difficulty was in ilis-
tilling the volatile acids so that a complete recovery was pos-
sible in a reasonable volume of distillate. 'fhose investigators 
who stuilieil the volatile acids of cheese found that the first 
two liters of distillate from a 100 gram sample containec1 all the 
volatile acids. Manns in his work on silage boiled with water 
repeatedly from a flask until the distillate was neutral to lit-
mus. Our preliminary experiments, on the contrary, seemed to 
indicate that it was impossible to reach a point where the c1is-
tillate was neutral to litmus, when 100 grams of finely ground 
sil age were distilled in a current of steam. T'1e following :fig-
ures are given by way of illustration. 
Distillate c.c. n / 10 Ba(OH), 
1st liter 
2d liter 
3d liter 
4th liter 
5th liter 
6th liter 
7th liter 
8th liter 
Total 
66.6 
36.1 
19.3 
14.0 
11.3 
9.0 
8.1 
6.9 
171.3 
Plotting these figures in the form of a curve, it appeared that 
about one-fourth of the total volatile acid remained behind 
25H 
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after nistilling eight liters. rrhe higher acins, on account of 
their greater volatility with steam, were no noubt completely 
recovered, and it may safely be assumed that the volatile acid 
in the residue was acetic acid. However, we were not satisfien 
with this incomplete recovery of volatile acid, and sought an 
adequate explanation, with a view to eliminating this error. 
A search of the literature revealen the fact that lactic acid 
is recognized as being appreciably volatile with steam at 100 
degrees. According to Jensen,' 5% of the lactic acin passes 
over with the nistillate when a nilute solution is reduced to 
1-11 of its original volume. Our own experiments bear out 
the validity of this claim, as the following notes show: 
, Lactic acid equivalent to 178.75 c.c. decinormal Ba (OH), was 
distilled from a liter flask in a current of steam at ordinary pressure. 
Eight liters of distillate were collected and titrated separately. 
Distillate c.c. n/10 Ba(OH), 
1st 4.6 
2d 3.6 
3d 3.6 
4th 3.2 
5th 3.2 
6th 2.8 
7th 2.8 
8th 2.4 
Total 26.2 
It is evident therefore that in distilling at orninary pres-
sure a mixture containing lactic and volatile fatty acids, it is 
practically impossible to reach a point where the distillate is 
neutral. Inasmuch as silage contains lactic acid in cousiner-
able quantity, the difficulty mention en above is easily explained. 
In obtaining the volatile acids from silage the problem before 
us was therefore twofold,-first, a quantitative extraction of 
the volatile fatty acids; ann seconn, the elimination of lactic 
acid from the distillate. Two modifications of the usual pro-
cenure accomplished the desired result. 
rrhe first of these monifications consisted in the use of a 
Buchner press, so that the silage juice coulc1 be nistilled in 
place of the suspended particles of silage. The use of the press 
is, however, 'applicable only provinen the juice has the same 
composition regardless of the pressure at which it is obtained. 
'l'his point was determined by pressing a kilogram of silage, 
and collecting separately the juice obtainen at different pres-
sures. In each case the pressure was kept for one hour at 
the maximum indicaten. 
Pressure Volume Collected 
Kgr. per sq. cm. c.c. 
0- 50 
50-100 
100-350 
356 
66 
38 
Acidity of 5 c.c. 
n/10 Ba(OH), 
11. 5 
11.5 
11.5 
'Landwil'tschaftliches Jahl'buch der Schweiz, 18, 319-405. 
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The above o.ata show that the acidity of the juice o.oes not 
vary with the pressure at which the latter is obtained. It may 
be assumed, therefore, that the small amount of juice remain-
ing behind has the same acio.ity as that presseo. out, and this 
residual juice can be determined and corrected for by deter-
mining the loss in weight which the residue uno.ergoes on 
drying in an oven. This method has decideo. advantages over 
those previously employeo.. Esten/ in his recent work on 
silage, grouno. the sample, soaked it in water, and pressed out 
the jui-ce with a tincture press, repeating the soaking and press-
ing until the liquid was neutral to litmus. In addition to the 
time consumeo. in carrying out this operation, there is the 
objection that chemical changes may occur on account of the 
enzymes and bacteria present which would tend to become 
more active on dilution of the substratum. 
The secono. modification consisteo. in making the steam o.is-
tillation under o.iminished pressure. Welrle2 has demonstrated 
in a recent publication that a separation of fatty acids from 
lactic acid can be efi'ecteo. by o.istilling with steam in a partial 
vacuum. Under these cono.itions it 'was found that lactic acio. 
was completely non-volatile. In our experiments the distilla-
tion apparatus was connected with a filter pump, and the 
liquid boiled vigorously between 80 and 85 degrees. The fol-
lowing titration figures compareo. with those on page 11 will 
show at a glance the superiority of this methoo.: 
Distillate c.c. n / 10 Ba (OH) z 
1st and 2d liters 102 
3d 6 
4th 1.5 
The distillation may therefore be considered complete after 
four ' liters have been collecteo.. In the work subsequently 
o.escribed in this paper, a o.istillate of four liters was collected 
in each case from a 100 gram sample of silage juice obtaineo. 
as above. 
DUCLAUX'S METHOD OF ESTIMATING VOLATILE ALI-
PHATIC ACIDS. 
'l'he method useo. in our quantitative determinations of the 
relative amounts of volatile aliphatic acids in silage, in order 
to be of practical value, had to be one that could be operated 
with reasonable rapi(lity. From our preliminary experiments 
and from other investigations already citeo., it appeared that the 
Duc1aux methoo. showed the greatest promise of meeting these 
requirements. 
'Storrs Agricultural Exoeriment Station, Bull. No. 70. 
' Biochemlsche Zeitschrift, 28, 504. 
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. Duclaux's methorl is based upon the fact that each volatile 
fatty acirl has a constant rate of vaporization when (listilled 
under given conditions. li'or ex'ample, if a definite amount of 
acid is subjected to distillation, the amount that passes over 
in each successive fraction bears a definite relationship to 
the total acidity of the (listillate. There is also a constant 
relation between the quantity of acid distilled at any given time 
and the amount remaining in the flask. Thus if we know the 
amount (listilled in the first 10, 20, 30, or 40 c. c. it is possible 
to calculate the acirlity of the undistillerl resirlue. When two 
or more acids are present in a mixture, each behaves as if it 
were alone, and follows its own law of distillation. 'fhe titra-
tion figure of any fraction is then the mean of the figures for 
the individual acids in the proportions in which they are 
present. Duclaux determinerl the constants for each of the 
first five volatile fatty acids of the series, which we reproduce 
in the following table: 
TABLE OF DUCLAUX CONSTANTS. 
Percentage of acid in terms of acidity of total distillate. 
Volume of Formic Acetic Propionic Butyric Valeric Distillate 
---
10 C.c. 5.9 7.4 12.1 17.6 30.5 
20 C.c. 12.2 15.2 24.0 33.6 53.0 
30 C.c. 19.0 23.4 35.3 47.5 69 .5 
40 C.c. 26.4 32.0 46.2 60.0 81.0 
50 C.c. 34.4 40.9 56.8 70.6 88.5 
60 C.c. 43.2 50.5 66.7 79.5 93.5 
70c.c. 52.8 60.6 76.2 86.5 96.5 
80 C.c. 64.6 71 .9 83.0 92.5 98.3 
90 C.c. 79.6 84.4 93 .0 97.0 99.5 
100 C.c. 100.0 100.0 100.0 100.0 100.0 
-
Duclaux recommenrls that the volume of liquid to be distilled 
be ]] ° c, c,' the concentration of the solution about two per 
cent" and the rate of distillation] 00 c. c. in about 45 minutes. 
lIe further recommenrls that the volume of the distilling flask 
be 250 to 300 c. c. anrl that the distillate be collected into 10 
c. c. portions anrl each titraterl with barium hy(lroxide using 
phenolpthalein as an inrlicator. These rletails are carefully 
arlhered to in our work, since the constants llsed in our calcula-
tions were obtained under these conditions. 
Having overcome the ohief difficulties encountered in our 
preliminary experiments, our attention was directed to the 
three silos which are located on the grounds of the Iowa Agri-
cultural College. These silos, representing three rlistinct types 
of construction, gave promise' of some interesting data. The 
brick silo is practically 14 ft. in rliameter and 28 ft . high. The 
inside is coaterl with cement. The woorlen silo is built of 
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four-inch staves, and is 32 ft. high and 16 ft. in (liameter. The 
hollow tile, or Iowa silo is built .of hollow clay tile reinforced 
with concrete and wire. Its dimensions are the same as those 
of the wooden silo. None of these silos was provided with a 
drain. These silos were filled about the midrUe of September 
with Reed's Yellow Dent COrD, which was well dentea when 
cut. 'fhe silage was fea to stock at the Iowa State College, 
the rate of feeaing being different in each case. Our samples 
.were taken at intervals calculatea to represent approximate 
depths in the silo. In each case a composite sample was taken 
from the entire surface. 
BRICK SI1..0. 
'fhe brick silo was openea November 17, and a sample taken. 
The silage was dar»: in color but was of fairly good feeding 
quality. About a foot of silage near the edge was spoiled proba-
bly on account of rats, but this was not includea in the sample. 
A composite sample of 2,000 grams was obtained from the 
surface and mixed thoroughly. A 250 gram portion was 
weighed out, ana (lried to constant weight in a hot water oven 
to determine the moisture content. '1'he remainder of the 
2,000 gram sample was placed in a Buchner press and the juice 
pressed out. One hundred grams of the juice were carefully 
transferred to a one liter flask, 10 c. c. of normal sulphuric 
acid added ana the solution dilutea to 300 c. c. This was dis-
tillea in a current of steam in a partial vacuum so that at no 
time auring the distillation did the thermometer in the still 
indicate a temperature above 85 degrees centigrade. Four 
liters of the distillate were c.ollected and titrated with deci-
normal barium hyaroxide. One hunared and twenty-two c. c. 
were requirea for neutralization. '1'he specific gravity of the 
silage juice was founa to be 1.0±. 
The total four liters after neutralization were placed in a 
large flask and distillea to about one-half the original volume. 
This distillate contained the alcohols and esters and perhaps 
other volatile substances which contribute toward the aroma of 
silage. This solution which we shall designate as the "neutral 
distillate," will be discussed later on. The resiaual solution 
containing the volatile acids as barium salts was evaporated 
on a water bath to a volume of about 50 c. c. The solution 
was then allowea to cool, and the theoretical amount (12.2 c. c. ) 
of normal sulphuric acia adaed to liberate the volatile acid 
from the barium salts. The barium sulphate was removed by 
filtration and thoroughly washed with small quantities of water 
so as not to bring the filtrate to a V'olume of more than 150 c. c. 
The filtrate was then transferred to a 300 c. c. distilling flask, 
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and fractionated into t,,·o portions. By thus rlividing the 
acirl into two portions, the higher acids on account of 
their greater volatility with steam tend to collect in the 
portion distilling first, thus simplifying the calculation. In 
the case of silage, however, this preliminary fractionation is 
less successful on account of the great preponderance of acetic 
acid. Each of these two fractions was transferrerl to a 250 
rlistilling flask, rinsing with sufficient water to bring the volume 
to 110 c. c. and fractionated into 10 c. c. portions according to 
the method of Duclaux. Fractional titration with rlecinormal 
barium hydroxide gave the following figures: 
A 
B 
C 
D 
A 
B 
C 
D 
Fraction 1. 
/
10C.C. 20c.c. 30c.c. 40c.c. 50c.c. 160c.c . I IOc.c. 80c,c~i90c.c·_1 100 c.c 
4.6 4.75 4.95 5.2 5.45 1 5.65 \ 6.05 6.6 I 7.4 8.85 
4.6 9.35 14.3 19.5 24.95 30.6 36.65 43.25 50.65 \ 59.5 
7.73 15.7 24.03 32.77 41.93 51.43 61.59 72.69 85.1 100.0 
I 7.78 15.86 24.26 32.98 41.~ 51.5 61,5 72.63 84.9 100.0 
130 A, 4 P, 1 B, 1 V. 
Fraction 2. 
1 2.65 2.8 1 2.9 1 3.05 1 3.15 I 3.35
1
' 3.6 I 3.95 I 4.5 1 5.55 2.65 5.45 8.35 11.4 14.55 117.9 21.5 25.45 29.95 35.5 
I 7.46 15.35 23.51 32.1 40.98 150.42 60.56 171.7 184.36 100.0 
7.4 15.2 23.40 32.0 40.90 50.5 60.6 71.9 84.4 100.0 
- --
Acetic acid only. 
In th e above tables as in those which follow, A represents 
the titration figure of each su~cessive 10 c. c. of distillate, B 
the sum of these figures for a given amount of distillate, and 
C the same calculated into percentage of the titration figure 
of the total ] 00 c. c. rlistillate. D is the series of figures 
calculated from Duclaux's constants, which most closely ap-
proximates C, and the corresponding proportions of acid are 
given in the line next following. Although the fractionation 
and titration is a very simple matter, the calculation of results 
is rather a lengthy process. Unfortunately, when more than two 
acirls are present, no formula can be derluced by which the prob-
lem may be solved. 'l'he only possible method of computing the 
results consists in calculating the series D for mixtures of th ese 
acids in various proportions until a series is obtained which 
agrees approximately with the series C calculated from the 
ohserved titration figures. The work can, however, be con-
siderably shortened by preparing a set of tables giving the 
multiples from one to nine inclusive of the constants found in 
Duclaux's table. (Page 14.) Each number in the calculated 
series is obtained by taking the number found in Ducraux' table 
corresponding to that volume of distillate awl that particular 
acid, multiplying by the number of parts of that acid containerl 
in the mixture anrl rlividing the sum of the numbers thus 
263 
17 
obtained bv the total number of molecules of acid in the 
hypothetic~l mixture. 
Having calculated in this way the molecular proportions of 
the acids present in the distillate, we must now make correction 
for the small amount left in the flask. This is a simple matter 
and is based upon the fact that from 110 c. c. of acid, a ilistillate 
of 100 c. c. contains 100% of the capl'oic or valeric acid that 
may have been present, 97.5% of the butyric, 95% of the 
propionic, 80% of the acetic, ann. 59% of the formic. The 
acid may then be expressed as c. c. of normal acid. The follow-
ing calculation will suffice by way of illustration . In the first 
fraction, the trial calculation that most closely approximated 
the series C 'YaS that for 130 parts acetic, 4 parts propionic, 
] part but:\Tit:. and 1 part valeric, making 136 parts in all. 
Since acetic acid is present in the proportion of 130: 136 the 
total acin.ity 59.5 multiplieil by this ratio gives the number of 
c. c. of decinormal acetic acin. present (56.875). One c. c. deci-
normal acetic acid contains .006 grams, therefore the amount 
present in the distillate must be .3±1 grams. But only 80% 
of the acetic acid n.istills over in ] 00 c. c., so the total amount 
of acetic in fraction] must be .427 grams. In like manner the 
amount of propionic, butyric, and valeric may be calculated. 
1'he results ,,;ill be expressed for this sample ann. for the 
sncreE'rling samples as follows: 
-------------- -.----.-- - -- --- ----------_ .• -
Distillate 11 / 10 Acetic n/10 11 / 10 Butyric 11/10 Valeric' of Propi?l1ic 
Fraction c.c. ·c.c. ·C.c. 
·c.c. 
------
1 56.875 1.75 0.438 0.438 
2 35.5 
---
Sum I !:I2.375 1.75 0.438 0.438 
Grams acid in distillate and residue. 
A~eti~ Propionic Butyric Valeric Total 
0.693 0.014 0.004 0.004 0.715 
In o[,der to reduce all our figure;;; to a uniform basis of com-
parison. the results were further calculated into grams acid 
corresponding to 100 grams of n.ry silage. The following cal-
culation will suffice by "'ay of illustration. The moisture con-
tent being 69 .56%, it would require 143.76 grams silage to 
yield 100 grams juice. (100--:--69.56 equals 143.76.) And since 
the percentage of dry matter is 30.44% this 143.76 grams silagE' 
would rontain 43.76 grams of dry matter, which represents the 
' 'l'hrougbout this \\'01'1< valeric and caproic acids wlll be grouped togetber as 
\~alel'ic. 
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amount of dry matter contained 'in that amount of silage neces-
sary to furnish 100 grams of silage juice. (143-;.-30.44 equals 
47.36 grams.) Now for 100 grams dry silage the acids calcu-
laten in the 100 grams silage juice would be multiplied by the 
factor 2.285 (100-;.-43.76 equals 2.285). The final result repre-
sents the total volatile acid in that quantity of silage which 
when dried to constant weight would weigh 100 grams. The 
acids corresponning to 100 grams nry silage would therefore 
be as follows: 
Acetic 
1.584 g. 
Propionic 
0.032 g. 
Butyric 
0.009 g. 
Valeric 
0.009 g. 
SECOND SAMPLE. 
Total 
1.634 g. 
The seconel sample from the brick silo was taken December 
1, just two weeks after the first sample. The rate of feeding 
was such that to obtain at least five samples as we had planned, 
it would necessitate sampling the silage every two weeks. This 
plan was adhered to throughout our work on the brick silo. 
The silage, about six feet having been fen, seemed in good 
connition. 'l'he small quantity of spoiled silage noticed around 
the edges of the silo at the time of the first sampling was not 
found at this nepth. Two kilograms of silage were collecten 
from the surface and treaten as in the previous determination. 
The data follow: 
BRICK SILO. SECOND SAMPLE. DEPTH 8 FEET. 
Acidity of four liter distillate, 113 c. c. decinormal. 
Fraction 1. 
110c.c. 120C.c. 130c.c. 140C.c. 150c.c. 160c.c.170c.c. 180c.c· 190c.c· 1100c.c. 
A 4.5 4.65 4.75 4.9 5.1 5.35 5.7 6.2 6.9 8.2 
B 4.5 9.15 13.9 18.8 23.9 29.25 34.95 41.15 48.05 56.25 
C 8.0 16.27 24.71 33.42 42.48 52.0 62.13 73.15 35.42 100.0 
D 7.97 16.2 24.7 33.5 42.5 52.06 62.03 73.06 35.13 100.0 
100 A, 6 P, 1 B, 1 V. 
Fraction 2. 
A 1 1.65 1.8 1.9 2.00 2.1 2.2 2.25 2.55 2.9 3.65 B 1.65 3.45 5.35 7.35 9.45 11.65 13.9 16.45 19.35 23.00 
C I 7.2 15.0 23.3 32.0 41.09 50.65 60.44 71.5 84.13 100. 
D 7.4 15.2 23.4 ~2.10 40.9 50.5 60 .6 71.9 84.4 100. 
Acetic acid only. 
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Distillate I n / 10 I n l 10 n l 10 n l 10 
of Acetic Propionic Butyric Valerie 
fraction c.c. c.c. c.c. c.c. 
Lm I 
52.083 I 3.125 .5208 .5208 23.000 
75.083 3.125 .5208 .5208 
Grams acid in distillate and residue. 
Acetic Propionic Butyric Valeric Total 
0.563 0.024 0.005 0.005 0.597 
Grams acids corresponding to 100 grams dry silage. 
Acetic Propionic Butyric Valeric Total 
0.957 0.041 0.085 0.085 1.168 
BRICK SILO. THIRD SAMPLE. DEPTH 12 FEET. 
Acidity of four liter distillate, 128 c. c. decinormal. 
Fraction 1. 
110C.C. J20C.c. 130c.C. !40c.c. 150c.c. 160C.C. \70c.c. \80c.c. \90c.c. J100c.c. 
A 4.2 " 4.35 4.5 
1
4
.
65 4.9 5.15 5.5 6.0 6.65 7.9 
B 4.2 8.55 13.05 17.7 22.6 27.75 33.25 39.25 45.9 53.8 
C 7.8 15.89 24.25 32.9 42.00 51.58 61.8 72.95 85.3 100.0 
D 7.8 15.9 24.3 133.08 42.00 51.54 61.62 72.72 85.06 100.0 
130 A, 5 P, 1 B, 1 V. 
Fraction 2. 
A 2.7 2.85 3.0 3.1 3.25 3.5 ' 3.85 4.25 4.9 6.1 
B 2.7 5.55 8.55 11.65 14.9 18.4 22.25 26.5 31.4 37.5 
C 7.2 14.8 22.8 31.06 39.73 49.07 59.36 70.66 83.7 100.0 
D 7.15 14.7 22.66 31.06 39.8 49.26 59.3 70.68 83.6 100.0 
10 A, 2 F . 
Distillate I n l 10 n l 10 n l 10 I n l 10 
I 
n l 10 
of Formic Acetic Propionic Butyric Valerie fraction 
---
Lm I 
.000 51.051 1.963 I .393 I .393 6.25 31.25 0.00 .000 .000 
6.25 82.301 1.963 .393 .393 
Grams acid in distillate and residue. 
Formic Acetic Propionic Butyric Valeric Total 
0.049 0.617 0.Q15 0.004 0.004 0.689 
Grams acid corresponding to 100 grams dry silage. 
Formic Acetic Propionic Butyric Valeric Total 
0.108 1.356 0.033 0.009 0.009 1.515 
266 
~o 
BRICK SILO. FOURTH SAMPLE. DEPTH 18 FEET. 
Acidity of four liter distillate, 145 c. c. decinormal. 
Fraction 1. 
__ /10C.C. 20c.c. 30c.c. 40c.c. 50c.c. 60c.c. 70c.c. 
A 5.05 5.25 5.35 5.6 5.8 6.15 6.6 
B I 5.05 10.3 15.65 21.25 27.05 33.2 39.8 
C /12.68 25.88 39.32 53.39 67.96 83.42 100.0 
D 12.59 25.73 39.36 53.54 68.11 83.69 100.0 
Fraction 2. 
A 1 3.15 / 3.25 1 3.4 1 3.55 1 3.75 1 3.95 1 4.151 B 3.15 6.4 9.8 13.35 17.1 21.05 25.2 
C 12.5 25.4 38.88 52.97 67.85 83.53 100.0 
D 12.42 125.45 39.03 53.2 67.88 83.55 100.0 
Distillate 
nl10 n/10 
80c.c. 90c.c. 100c.c. 
Owing to an acci-
.'lent during the dis-
tillation, only 70 
c. c. were collected. 
The calculations 
are made on this 
basis. 
nl10 nl10 
I 
n/10 I of 
fraction Formic Acetic Propionic Butyric Valeric 
1 77.184 2.348 I 0.414 0.352 2 6.74 43.316 
I 
2.900 
Sum 6.74 120.500 5.248 0.414 0.352 
Grams acid in distillate and residue. 
Formic Acetic Propionic Butyric Valeric Total 
0.031 0.723 0.039 0.004 0.004 0.801 
Grams acid corresoonding to 100 grams dry silage. 
Formic Acetic Propionic Butyric Vale ric Total 
0.D78 1.819 0.098 0.01 0.01 2.015 
BRICK SILO. FIFTH SAMPLE. DEPTH 22 FEET.* 
Acidity of four liter distillate 241.5 c. c. decinormal. 
Fraction 1. 
__ 10c.c . . 20C.C. 30c.c. 40c.c. 50c.c. 60c.c. 70c.c. 80C.C. /90C.C. 100c.c. 
A 12.6 12.65 12.8 12.8 13.0 13.15 13.5 14.0 15.0 16.6 
B 12.6 25.25 38.05 50.85 63.85 77.0 30.5 104.5 r119.5 136.1 
C 9.26 18.55 27.96 37.36 46.91 56.58 66.5 76.78 87.81 100.0 
D 9.21 18.58 27.97 37.46 47.01 56.73 66.57 76.9287.71 100.0 
16 A, 10 P. 
Fraction 2. 
A I 3.6 1 3.751 3.9 1 4.051 4.2 1 4.4 1 4.651 5.051 5.551 6.6 B 3.6 7.35 11.25 15.3 19.5 23.9 28.55 33.6 39.15 45.75 
C 7.87 16.07 24.59 33.44 42.62 52.24 62.4 73.44 85.57 100.0 
D 7.87 16.08 24.59 33.42 42.49 52.12 62 .16 73.21 85.26 100.0 
- --
9 A. 1 P . 
·'I.'his sample was some silage that had been left over from the year preceding. 
It appeared to be in very good condition, and had quit a strong acid taste. 
It was somewhat darker in color than the new silage. This sample was taken 
January 12, J D12. About four feet of old silage still remained in the silo. 
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of Distillate n / 10 1 n / 10 fraction Acetic Propionic 
2 51.469 4.816 
1 104.692 1 55.1 
Sum 156.161 59.916 
Grams acid in distillate and residue. 
Acetic 
0.937 
Propionic 
0.444 
Total 
1.381 
Grams acids corresponding to 100 grams dry silage. 
3.466 1.642 5.108 
'l'ABULATION OF DATA FROM BRICK SILO. 
No. of samPle········ 1 1 1 2 Date of sampling ..... 11/17/ 11 12/ 1/ 11 
Depth from surface, 
feet................. 2 8 
Moisture, per cent ..... 1 69.56 62.96 
Dry matter, uer cent. . 30.44 37.04 
Specific gravity of jUicel 1.040 1.046 
Acidity of 4 liter dis-
tillate c. c. decinormal 122. 113. 
1 
3 4 1 5 12/ 15/ 11 12/ 29 / 11 1/12/ 12 
12 18 22 
68.72 71.56 78.72 
31.28 28.44 21.28 
1.041 1.034 1.014 
128. 145. 241.5 
Acids on the basis of 100 grams dry silage. 
Formic acid grams .... 1 none none 0.108 0.Q78 none 
Acetic acid, grams .... 1.584 0.957 1.356 1.819 3.466 
Propionic acid, grams .. 0.032 0.041 0.033 0.098 1.642 
Butyric acid, grams .. 1 0.009 0.085 0.009 0.01 none 
Valeric acid, grams ... 0.009 0.085 0.009 0.01 none 
Total volatile acid, 
grams ............... 1.634 1.168 1.515 2.015 5.108 
HOLLOW TILE SILO. 
The hollow clay tile, or Iowa Silo was opened November 14, 
1911. A sample was taken at this time, and treated exactly as 
per method described uni!.er the discussion of the Brick Silo. 
The silage was in good condition, but much i!.rier than that from 
the Brick Silo. 'TIhis is accounted for in the fact that the 
silage was put up later ani!. water was not ai!.ded i!.uring fill-
ing, as was the case with the brick silo. It was cut about 
one third finer . 
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HOLLOW TILE SILO. FIRST SAMPLE. DEPTH 2 FEET. 
Acidity of four liter distillate 138.6 c. c. decinormal. 
Fraction 1. 
__ 110c.c. 20c.c. 30c.c. 40c.c. 50c.c. 60c.c. 70c.c. 80c.c. 90c.c. 100c.c. 
A I 6.45 6.75 6.75 "6.95 7.2 7.4 7.95 8.5 9.4 11.2 
B I 6.45 13.20 19.95 26.90 34.1 41.5 49.45 57.95 67.35 78.55 
C I 8.21 16.8 25.39 34.25 43.41 52.83 62.95 73.77 85.74 100.0 
D I 8.26 16.73 25.39 34.29 43.34 52.89 62.78 73.66 85.5 100.0 
A 
B 
C 
D 
85 A. 6 P. 3 B. 1 V. 
Fraction 2. 
1.95 1 2.051 2.131 2.2 1 2.3 1 2.451 2.6 1 2.851 3.251 4.1 1.95 4.00 6.13 8.33 10.63 13.08 15.68 18.53 21.78 25.88 
7.53 15.45 23.68 32.18 41.07 50.54 60.58 71.6 84.16100.0 
7.4 15.2 23.4 32.0 40.9 50.5 60.6 71.9 84.4 100.0 
Acetic acid only. 
Distillate I c. c. n l 10 I c. c. n l 10 I c. c. n l 10 I c. c. n l 10 
of Acetic Propionic Butyric Valeric fraction 
suL I 
70.281 4.961 2.480 0.826 
25.88 
96.161 4.961 2.480 0.826 
Grams acid in distillate and residue. 
Acetic Propionic Butyric Valeric Total 
0.721 0.039 0.022 0.008 0.790 
Grams acids corresponding to 100 grams dry silage. 
Acetic Propionic Butyric Vale ric Total 
1.063 0.058 0.032 0.012 1.165 
HOLLOW TILE SILO. SECOND SAMPLE. DEPTH 8 FEET. 
Acidity of four liter distillate, 158 c. c. decinormal. 
Fraction 1. 
10c.c. 20c.c. 30c.c. 40c.'!. 50c.c. 60c.c. 70c.c. 80c.c. 90c.c. 100c.c. 
-- ~ 8.25 9F9:95 A 6.55 7.0 7.1 7.5 7.8 11.65 
B 6.55 13.35 20.35 27.45 34.95 42.75 51.00 60.0 69.95 81.6 
C 8.02 16.36 24.93 33.64 42.83 52.38 62.5 73.53 85.72 100.0 
D 8.01 16.35 24.95 33.85 42.97 52.61 62.63 73.60 85.52 100.0 
100 A. 15 P. 
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Fraction 2. 
A 1 3. I 3.171 3.251 3.4 1 3.571 3.761 3.951 4.351 4.8 1 5.8 B 3 6 17 9 42 12 82 16 39 20 15 24 1 28 45 33 25 39 05 
C 7.68 15.8 24.12 32.83 41.97 51.6 61.72 72.85 85.14100.j) 
D 7.69 15.75 24.14 32.88 41.89 51.51 61.57 72.72 84.94100.0 
60 A. 4 P. 
Distillate of fraction 
1 
2 
Sum 
n / 10 Acetic 
70.956 
36.609 
107.565 
n / 10 Propionic 
10.643 
2.440 
13.083 
Grams acid in distillate and residue. 
Acetic Propionic Total 
0.807 0.102 0.909 
Grams acids corresponding to 100 grams dry silage. 
Acetic Propionic Total 
1.201 0.152 1.353 
HOLLOW TILE SILO. THIRD SAMPLE. DEPTH 14 FEET. 
Acidity four liter distillate 134 c. c. decinormal. 
--10 
~-5-
c.c. 
.2 
B 5 .2 
C 8 .23 
D 8 .18 
20c.c. 30c.c. 
5.355A5 
10.55 16.00 
16.71 25.35 
16.66 25.38 
100 A. 20 P. 
Fraction 1. 
40c.c. 50c.c. 60c.c. 
------s:65 5.85 ------u-
21.65 27.5(' 33.6 
34.31 43.58 53.24 
34.36 43.55 53.2 
Fraction 2. 
70c.c. 80c.c. 90c.c. 
6.45 -----s.9 7.5 
40.05 46.95 54.45 
63.41 74.40 86.29 
63.2 74.08 85.83 
100c.c. 
-----s.6E 
63.10 
100.0 
100.0 
A 1 2.55 1 2.651 2.8 1 2.9 1 3.051 3.251 3.5 1 3.8 1 4.3 1 B 2.55 5.2 8.0 10.  1 .95 17.2 20.7 24.5 28.8 
C 7.47 15.24 23.46 31.96 40.9 50.44 60.7 71.86 84.45 
D 7.4 15.2 23.4 32.00 40.9 50.5 60.6 71.9 84.4 
5.3 
34.1 
100.0 
100.0 
Acetic acid only. 
Distillate of fraction 
1 
c. c. n / 10 Acetic 
52.583 
c. c. n / 10 Propionic 
10.517 
2 
Sum 
34.1 
86.683 
Grams acid in distillate and residue. 
Acetic 
0.650 
Propionic 
0.082 
Total 
0.732 
10.517 
Grams acid corresponding to 100 grams dry dlage. 
Acetic Propionic Total 
0.848 0.107 0.955 
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HOLLOW TILE SILO. FOURTH SAMPLE. DEPTH 18 FEET. 
Acidity of four liter distillate, 133.5 c.c. decinormal. 
Fraction 1. 
110c.c. 20c.c. 30c.c. 40c.c. 50c.c. 60c.c. 70c.c. 80c.c. 90c.c. 100c.c. 
---X-I~ 4.32 4.47 4.69 4.92 5.15 5.46 5.94 6.6-vf 
B /4.2 8.52 12.99 17.68 22.6 27.75 33.21 39.15 45.75 53.55 
C 7.84 15.91 24.25 33.01 42.2 51.82 62.01 73.11 85.43 100.0 
D ,7.82 16.00 24.48 33.29 42.31 51.97 62.01 73.09 85.18 100.0 
100 A. 10 P. 
A 12.4 1 2.5 I 2.6 1 2.8 B 4 9 7 5 10 3 
C 7.15 14.6 22.35 30.7 
D 7.05 14.51 22.38 30.7 
10 A. 3 F. 
Fraction 2. 
1
3.0 1 3.15 1 3.4 1 3.75 1 4.35 1 13.3 16.45 19.85 23.60 27.95 · 
39.64 49.03 59.16 70.34 83.3 
39.48 18.81 58.80 70.21 83.3 
5.6 
33.55 
100.0 
100.0 
Distillate of c.c. n l 10 c.c. n l 10 c.c. n l 10 
fraction Formic Acetic Propionic 
1 48.682 4.868 
2 7.742 25.807 
Sum 7.742- 74.489 4.868 
Grams acid in distillate and residue. 
Formic Acetic Propionic Total 
0.060 0.559 0.038 0.657 
Grams acids corresponding to 100 grams dry silage. 
Formic Acetic Propionic Total 
0.OS8 0.817 0.056 0.961 
HOLLOW TILE SILO. FIFTH SAMPLE. DEPTH 22 FEET. 
A 
B 
C 
D 
-
Acidity of four liter distillate, 126.2 c. c. decinormal. 
Fraction 1. 
10c.c. 20c.c. 30c.c. 40c.c. 5oc.c· 160C.C. 70c.c. 80c.c. 90c.c. 1 
4.82 5.02 5.20 5.40 5.61 5.98 6.3 6.84 7.52 
4.82 9.84 15.04 20.44 26.05 32.03 38.33 45.17 52.69 
7.82 15.97 24.41 33.18 42.28 151.99 62.22 73.32 85.51 
7.82 16.00 24.48 ' 33.29 42.34 51.97 62.02 73.1 85.2 
-- -
100 A. 10 P. 
Fraction 2. 
OOc.c. 
8.91 
61.6 
100.0 
100.0 
A 12.05 12.2 1 2.3 I 2.4 1 2.5 1 2.65 1 2.8 1 3.1 1 3.6 I 4.3 B 2.05 4.25 6.55 1 8.95 11.45 14.1 16.9 20.0 23.6 27.9 
C 7.35 15.23 23.47 32.07 41.03 50.57 60.57 71.68 84.59 ·100.0 
D 7.4 15.2 23.4 32.00 40.9 50.5 60.6 71.9 84.4 100.0 
Acetic acid only. 
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Distillate of Acetic Propionic 
fraction 
1 56.00 5.6 
2 27.9 
Sum 83.90 5.6 
Grams acid in distillate and residue. 
Acetic Propionic Total 
0.629 0.044 0.673 
Grams acid corresponding- to 100 grams dry silage. 
Acetic Propionic Total 
0.917 0.064 0.981 
TABULATION OF DATA FROM HOLLOW TILE SILO. 
No. of samPle ........ j 1 I:" 2 I 3 
Date of sampling ..... 11 / 14 / 1112 / 12 / 11 1119 / 12 
Depth from surface, 
feet ················· 1 2 8 1 14 
1216)12 13/:/12 
Moisture. per cent.... 59.6 59.8 56.6 
Dry matter, per cent. . 40.4 40.2 43.4 
Specific gravity of juice ' 1.056 1 1.043 1 1.062 
1 ~~.36 1 ~~.32 40.64 40.68 
Acidity of 4 liter distil-I 
late, ~ _ decinorma~ 138.6 158. 134. 
1 
1.058 1 1.055 
133.5 _..!.-1_26_.2 _ _ 
Acids on the basis of 100 grams dry silage. 
Formic acid . grams··· 1 none 1 none I none I 0.088 
Acetic acid, grams.... 1.063 1.201 0.848 0.817 
Propionic acid, grams. 0.058 0.152 0.107 0.056 
Butyric acid, grams··· 1 0.032 1 none 1 none 1 none Valeric acid, grams... 0.012 none none none 
Total volatile acid, 
grams ............... 1.165 I 1.353 0.955 0.961 
WOODEN SILO. 
I 
none 
0.917 
0.064 
1 
none 
none 
0.981 
'l'he woorlen silo was opened January 8, and a sample 
taken. 'fhe silage was pronounced second class, as not quite 
enough of the spoiled silage at the top han been removed. The 
silage however was fed to cattle and sheep ann eagerly con-
sumed. A strong odor of butyric acid was present, which 
became still more intense when a portion was nried in a hot 
water oven. 
WOODEN SILO. FIRST SAMPLE. DEPTH 2 FEET. 
Acidity 4 liter distillate, 149 c. c. decinormal. 
Fraction 1. 
__ 10c.c. 12oc.c. 130C.C. 40c.c. 50c .c. 60c.c. 70c.c. 80c.c. 90c.c. 100c.c 
A 9.4 8.7 8.3 7.95 7.45 6.95 6.6 6.3 6.2 6.45 
B 9.4 18.1 26.4 34.35 41.8 48.75 55.35 61.65 67.85 74.3 
C 12.65 24.36 135.53 46.23 56.26 65.61 74.49 82.97 91.32 100.0 
D 12.62 24.67 35.88 46.57 56.5 65.88 74.55 83.1 91.38 100.0 
10 A. 5 P. 11 B. 
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Fraction 2. 
A 13.4 1 3.6 1 3.5 1 3.55 1 3.65 / 3.8 1 3.95 1 4.25 1 4.8 I 5.7 B 3.4 7.0 10.5 14.05 17.7 21.5 25.45 29.7 34.5 40.2 
C 8.45 17.41 26.1 34.95 44.02 53.48 163.3 73.88 85.82 100.0 
D 8.39 17.00 25.8 34.82 43.96 ,53.54 63.4 74.2 85.85 100.0 
30 A . 3 P. 2 B. 
Distillate n l 10 n l 10 n l 10 n l 10 
of fraction Formic Acetic Propionic Butyric 
1 28.577 14.288 31.434 
2 34.457 3.445 2.297 
---
Sum 63.034 17.733 33.731 
--
Grams acid in distillate and residue. 
Acetic Propionic Butyric Total 
0.473 0.138 0.305 0.916 
Grams acids corresponding to 100 grams dry silage. 
Acetic Propionic Butyric Total 
0.895 0.261 0.578 1.734 
WOODEN SILO. SECOND SAMPLE. DEPTH 8 FEET. 
Acidity of four liter distillate, 192 c. c. decinormal. 
Fraction 1. 
1 Oc.c. 20c.c. 30c.c. 40c.c. 50c.c. 60c.c . 70c.c. 80c.c. 90c.c. ;100c.c. 
ill .7 8.05 8.28 8.53 8.92 9.39 ~10.58 11.65 1l3.6-.7 15.75 24.03 32.56 41.48 50.87 60.77 71.35 83.00 96.6 .97 16.3 24.87 33.7 42.94 52.66 62.9 73.86 85.9 100.0 .01 16.35 24.95 33.85 42.97 52.61 62.63 73.6 85.52 100.0 
100 A. 15 P. 
Fraction 2. 
A 12.8 1 2.9 1 3.0 1 3.12 1 3.3 1 3.5 1 3.7 1 4.0 1 4.5 I 5.3 B 2.8 5.7 8.7 11.82 15.12 18.62 22.32 26.32 30.82 36.12 
C 7.75 15.75 24.08 32.72 41.86 51.55 61.79 72.86 85.3 100.0 
D 7~.721~1~5~.7~7-=2~4'217~3~2~.9~2~4~1.~94~5~1~.5~5~~6~1.~6~2~7~2~. 7~6-=824.~9~6 ~1~0~0~.0~ 
100 A. 7 P. 
Distillate of fraction n l 10 Acetic n l 10 Propionic 
1 84.00 12.6 
2 33.757 2.363 
Sum 117.757 14.963 
Grams acid in distillate and residue. 
Acetic Propionic Total 
0.883 0.117 1.000 
Grams acids corresponding to 100 grams dry silage. 
Acetic Propionic Total 
2.235 0.296 2.531 
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WOODEN SILO. THIRD SAMPLE. DEPTH 14 FEET. 
Acidity of four liter distillate, 174.2 c. c. decinormaI. 
Fraction 1. 
10c.c. 20c.c. 30c.c. 40c.c. 50c.c. 60c.c. 70c.c. 80c.c. 90c.c. 1100c.c. 
-----p; ~ 5.45 5.62 5.77 ~ s:s- 6.65 ----r.2 7.86 I~ 
B 5.2 10.65 16.27 22.04 28.04 34.34 40.99 48.19 56.05 65.3 
C 7.96 16.31 24.91 33.75 42.94 52.59 62.77 73.79 85.83 100.0 
D 8.01 16.35 24.95 33.85 42.97 52.61 62.63 73.6 85.52 100.0 
100 A. 15 P. 
Fraction 2. 
A 14.7 1 4.8 1 4.98 1 5.15 1 5.35 1 5.74 1 6.18 1 6.6 1 7.6 1 B 4.7 9.5 14.48 19.63 24.98 30.72 36.9 43.5 51.1 
C 7.8 15.78 24.05 32.61 41.49 51.02 61.29 72.26 84.88 
D 7.58 15.54 23.86 32.54 41.5 51.1 61.2 72.4 84.73 
50 A. 2 P. 
9.1 
60.2 
100.0 
100.0 
Distillate of fraction 
1 
c. c. nl 10 Acetic 
56.782 
c.c. n l 10 Propionic 
8.517 
2 57.884 2.315 
-sum 114.666 10.832 
Grams acid in distillate and residue. 
Acetic 
0.860 
Propionic 
0.084 
Total 
.944 
Grams acids corresponding to 100 grams dry silage. 
Acetic Propionic Total 
1. 768 0.173 1.941 
WOODEN SILO. FOURTH SAMPLE. DEPTH 18 FEET. 
Acidity of four liter di3tilIate 281 c. c. decinormaI. 
Fraction 1. 
__ 10c.c. 20c.c. 30c.c. 40c.c. 50c.£.:_ 60c.c.70c.c. 80c.c. 90c.~.:! 100c.c. 
A 12.65 12.85 13.2 13.6 14.15 14.7 15.5 16.55 18.3 21.2 
B 12.65 25.5 38.7 52.3 66.45 81.15 96.65 113.2 131.5 1152.7 
C 8.28 16.69 25.34 34.25 43.51 53.14 63.28 74.13 86.11 100.0 
D 8.18 16.66 25.38 34.36 43.55 53.2 ,63.20 74.08 85.83 , 100.0 
10 A. 2 P. 
Fraction 2. 
A 1 4.1 1 4.2 1 4.4 1 4.55 1 4.75 1 5.0 1 5.35 1 5.951 6.5 1 7.65 B 4.1 8.3 12.7 17.25 22.00 27.0 32.35 38.3 44.8 52.45' 
C 7.81 15.82 24.21 32.89 41.94 51.48 61.67 73.02 85.4 100.00 
D 7.71 15.78 24.18 32.93 41.94 51.56 61.62 72.76 84.96100.00 
100 A. 7 P. 
Distillate of fraction 
1 
2 
Sum 
n l 10 Acetic 
127.25 
49.018 
176.268 
n l 10 Propionic 
25.45 
3.431 
28.881 
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Grams acid in distillate and residue. 
Acetic Propionic Total 
1.322 0.225 1.547 
Grams acids corresponding to 100 
Acetic Propionic 
2.986 0.508 
grams dry silage. 
Total 
3.494 
WOODEN SILO. FIFTH SAMPLE. DEPTH 24 FEET. 
Acidity of four liter distillate, 208.8 c. c. decinormal. 
Fraction 1. 
__ 11Oc.c. 20c.c. 30c.c. 40c.c. 50c.c. 60c.c. 70c.c. 80c.c. 90c.c. 
A 17.5 7.9 8.1 8.5 8.9~~ 9.9 10.75 11.95 
B 17.5 15.4 23.5 32. 40.9 50.2 60.1 70.85 82.8 
C 17.73 15.87 24.23 32.99 42.16 51.75 61.95 73.04 85.36 
D ,7.82 16.00 24.48 33.29 42.34 51.97 62.00 73.1 85.2 
100 A. 10 P. 
Fraction 2. 
A 13.65 1 3.85 1 3.95 1 4.15 1 4.35 1 4.65 15.15 1 5.5 1 6.25 B 3.65 7.5 11.45 15.6 19.95 24.6 29.75 35.25 41.5 
C 7.43 15.27 23.32 31.77 40.63 50.1 60.59 71.79 84.52 
D 7.4 15.2 23.4 32.0 40.9 50.5 60.6 71.9 84.4 
Acetic acid only. 
100c.c. 
14.2 
97.0 
100.0 
100.0 
I 
7.6 
49.1 
100.0 
100.0 
Distillate of fraction 
1 
2 
Sum 
n / 10 Acetic 
88.181 
49.1 
137.28f 
n / 10 Propionic 
8.818 
0.000 
8.818 
Grams acid in distillate and residue. 
Acetic Propionic Total 
1.03 .069 1.099 
Grams acid corresponding to 100 grams dry silage. 
Acetic 
2.435 
Propionic 
0.163 
Total 
2.598 
TABULATION OF DATA FROM WOODEN SILO. 
No. of sample ........ 1 2 3 4 
/4/ 295/ 12 Date of sampling ..... 1/8/12 215 / 12_ 3/4/12 4/1/12 
Depth from surface, '1(. J;. ~ 
feet ................ 2 8 14 18 24 
Moisture, pel' cent .... 65.44 71.68 67.28 69.32 I 70.28 
Dry matter, pel' cent .. 34.56 28.32 32.72 30.68 29.72 
Specific gravity of juice 1.027 1.033 1.044 1.030 1.038 
Acidity of four liter dis-
149. 192. 174.2 tillate c. c. decinormal 281. 208.8 
Acids on a basis of 100 grams dry silage. 
Formic acid, grams"' 1 none none none I none none 
Acetic acid, grams .... 0.895 2.235 1.768 2.986 2.435 
Propionic acid, grams .. ! 0.261 0.296 0.173 0.508 0.163 
Butyric acid, grams .. '1 0.578 none none none none 
Valerie acid, grams ... none none none none none 
Total volatile acid, 
grams .............. 1.734 2.531 1.941 3.494 2.598 
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DECAYED SILAGE. 
By way of comparison a sample of spoiled silage from the 
top of the woorlen silo was examinerl. The mass was dark 
brown in color, alkaline to .litmus, and was permeated by 
mycelial threads of mold. Both physical appearance and odor 
inrlicaterl that the silage was in an advanced stage of decay. 
'1'his spoiled material contained 79.36 % water, the excess being 
due probably to rain which may have gainerl access. It should 
be noted also that the ears h arl been removerl from the stalks 
that formed this top layer. The sample was treated as in the 
previous cases, except that the acids were not distilled in two 
fractions. 
Acidity of four liter distillate, 5 c. c. decinormal. 
__ 10c.c. 20c.c. 30c.c. \40C.c. 150c.c. 60c.c. 70c.c. 8oc.c· 190c.c· 1100C.c. 
A .125 .125 .13 .13 I .13 .13 .13 
.2 1 .2 .3 
B .125 .250 3.8 I .51 I .64 .77 .90 1.1 1.3 1.6 
C 7.8 15.6 23.75 31.9 40.00 48.1 56.2 68.7 81.2 I 1~ 
Owing to the very small amount of volatile acid present, and 
the difficulty of titrating accurately such small quantities, no 
attempt was made to calculate the inclivirlual acids in the 
mixture. It is apparent from series C, however, that the acid 
must have been chiefly acetic with only traces of the higher 
homologues. 
Compared with goorl silage, the amount of volatile acid in 
this rlecayerl material is negligible. The decay of silage con-
sists not simply in the neutralization of the acid by basic pro-
ducts resulting from protein decomposition , but in an actual 
destruction of acid. 
ALCOHOLS AND ESTERS. 
'l'he neutral distillate obtained from each sample as described 
on page If' was concentrated by distilling to half the volume, 
discarding the residue anrl treating the distillate in the same 
manner until its volume was reducerl to ] 00 c. c. ,The final 
rlistillates thlls obtained were combined for each silo and 
reduced to 100 c. c. in the same way. The resultant solutions 
now possessed an odor somewhat resembling that of fusel oil. 
Each of these solutions was saponified by heating with 
potassium hydroxirle for five hours unrler a reflux condenser. 
'1'he alcohols were then collecterl by distilling the alkaline 
solution. The residue, containing fatty acids as potassium 
soaps, was acidified with sulphuric acid, and the volatile acids 
obtained by distillation. This acid distillate was in every case 
so low in acid that no attempt was marle to carry out the 
Duclaux rletermination. 
The alcohols, obtained as above, were oxidized by heating 
for eight hours under a reflux condenser with chromic acid ann 
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sulphuric aciil. The corresponiling aliphatic acids thus formed 
were distilled as usual anil an aliquot portion (1-6) was used 
for the Duclaux iletermination. 
The results are given below: 
BRICK SILO. 
c. c. n/10 acid in form of esters, 1.3 
c. c. n/10 acid on oxidation of alcohols, 805.0 
Duclaux Determination. 
__ 10c.c. 20c.c. 30c.c. 4oc.c' 150c.c. :60c.c. 70c.c. 80C.C' j90C.C. 100c.c. 
A 4.2 4.4 4.58 4.74 4.98 5.2~ 5.53 6.1 6.8 8.0 
B 4.2 8.6 13.18 17.92
1
22.9 '28.12 33.65 39.75
1
46.55 54.55 
C 7.69 15.76 24.16 32.85 41.98 151.53 61.68 72.86 85.33 100.0 
D 7.69 15.75 24.14 32.88 41.89 51.51 61.57 92.72 84.94 100.0 
60 A. 4 P. 
HOLLOW TILE SILO. 
c. c. n/10 acid in form of esters, 1.5. 
c. c. n/10 acid on oxidation of alcohols, 696. 
Duclaux Determination. 
_ _ 110C.C. /20C.C. 30c.c. 4oc'C' 1 50~,c' 1 60C'C' 70c.c. 80c.c. 90c.c. 100c.c 
A 6.85 7.2 7.3 7.6 8.0 8.4 9.05 9.95 11. 13.2 
B 6.85 14.05 21.35 28.95
1
36.95 45.35 54.4 64.35 75.35 88.6 
C 17.72 15.85 24.09 32.67 41.7 151.18 61.39 72.63 85.05 100.0 
D 7.66 115.70 24.07 32.80 41.79 51.41 61.48 72.64 84.88 100.0 
100 A. 6 P. 
WOODEN SILO. 
c. c. n / 10 acid in form of esters, 1. 
c. c. n / 10 acid on oxidation of alcohols. 1194. 
*Duclaux Determination. 
__ 10c.c. 20c.c. 30c.c' 140c.c. 50c.c. 60c.c. 70c.c. 80c.c. 90c.c. 100e.(' 
A 5.9 6.05 6.3 1 6.55 6.9 7.1 7.65 8.25 9.25 10.8b 
B 5.9 11.95 18.25 24.8 31.7 38.8 46.45 54.7 63.95 74.8 
C 7.88 15.97 24.39 33.14 42.38 51.87 62.09 73.12 85.49 100.0 
D 7.82 16.00 24.40 33.29 42.34 51.90 ,62.00 73.10 85.20 100.0 
100 A. 10 P. 
rl'hese Rciils represeot. of course, alcoholic ra(licals from 
which the aciils were obtained by oxi(latioo. By comparing 
tbe Litration figures before and after oxidation. it ",ill be seen 
that the alcoholic railicals are greatly in excess of the R cic1 
railicals, and that the neutral ilistillate cousists. th erefore. prin-
cipally of ethyl and propyl alcohols. The esters. formed from 
the union of these alcohols with volatilE; acids, are found only 
in traces. '1'he failure to find esters in any quantity is in accord 
with the vrry oilol' of silage, since the odor indicates free 
alcohols rather than esters. 
'On c t\Y clfth to1al a c ic1it.,· useel for fractionation. 
277 
31 
ISOLATION AND IDENTIFICATION OF ACIDS. 
In order to obtain some confirmatory evinence of the presence 
of the acids anrl the relative proportions indicated by the 
Duclaux determinations, it was thought nesirable to isolate 
the acids themselves. This work necessitatecl the accumula-
tion of considerable material. rro obtain a sufficient quantity 
of silage juice. the Buchner press wns again resorted to, but 
before we had obtained more than a fe,y liters, onr work was 
greatly facilitated by finding that the silage remaining in the 
brick silo containcd nn accumnlntion of juice to the depth of 
about three inches. One hundrecl liters of this juice were col-
lected, filtered, neutralized with sonium hydroxine and evapo-
raten to a small volume. The volatile acids were then liberated 
from their sod illm salts by the nndition of sulphuric acid. They 
were distilled, neutralized with barium hydroxicle, ancl the 
barium salts evaporated to flryness on the water bath. The 
acids were once more liberaten by adding the required amount 
.of sulphuric acid, and extracten with ether. On distilling off 
the ether, about 300 c. c. of the volatile aliphatic acids were 
obtained in a concentl;aten form. 
Some preliminary attempts at fractional crystallization of 
the barium ann the magnesium salts not proving satisfactory, 
lye decided to effect the separation by means of fractional dis-
tillation. A consirlerable number of fractionations were made, 
llRing a Hempel apparatus, ann combining each time the frac-
tions that showed the same range in boiling point. Two dis-
tinct fractions were finall y obtainecl, boiling at 117-118 degrees 
and 140-H1 clegrees respectivel)r. rrhese were obtained in 
the proportion of a bout ten to one. A small amount of a 
higher boiling fract ion remained, in whi ch the odor of butyric 
acin was quite pronounced, but since we had only a few c. c., 
further attempts at fractionation nid not result satisfactorily. 
'1'11e portion boiling at 140-]4] negrees gave a copious yield of a 
cr,\'stalline basic lead salt, which is consi nered characteristic 
for propionic acid. While these results can not be considered 
quantitative. they are in agreement with the Ducluax cleter-
mimltions and scrve as a check on the work already described. 
DISCUSSION OF RESULTS. 
rrhe Duclaux method of cletermining volatile aliphatic acids 
afEorns some interesting' results when applied to silage. On 
account of the ease with which it can be carried out and the 
smallness of the sample required, a number of separate neter-
minations are possible in a comparatively short space of time. 
We make no claim of absolute accuracy for the methon, but we 
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believe that the relative proportions of acids indicated are 
near the truth, ana that by a careful observance of uniformity 
in all the conditions, strictly comparable results are obtained. 
The work is much facilitate a by the use of the Buchner 
press, and separation of the volatile from the non-volatile acid 
unaer diminished pressure. A much more representative 
sample can be securea by taking a small portion of the juice 
obtained from a large quantity of silage, than by attempting _ 
to mix the silage itself and weighiug of a small sample of the 
latter. Distillation unaer diminished pressure eliminates the 
difficulty arising from the volatility of lactic acid with steam. 
The carbon (lioxide present in silage juice passes over with 
the first distillate, but on neutralizing with barium hydroxiae 
it is precipitated and can be removed by filtration . 
Acetic acid is first in importance of the volatile acias of 
silage. In our samples it comprisea about nine tenths of all the 
volatile acid present. 
1'he Duclaux determinations show that propionic acid was 
uniformly present in appreciable quantities in the various' 
samples of silage examined. Fractional aistillation of the mixed 
acids confirmea this conclusion. The origin of the propionic 
acid is a subject that awaits further investigation. Bacterial 
reduction of lactic acid is known to g·ive rise to propionic, ana 
this reaction is offered as a tentative explanation. The failure 
of previous investigators to note propionic acid as au important 
constitnent of silage, may be due to its absence from ' the 
samples examined or to inadequate methods of analysis. Our 
samples were taken at intervals from three aistinct types of 
silos and eviaence pointing to the presence of propionic acid 
was invariably obtained. 
Butyric acid was not found in any consiaerable quantity, 
except in one sample that was not in first-class conaition. In 
this sample butyric acid was manifest by its oaor. We sug-
gest accordingly the possibility that the relative amount of 
butyric acid may be one of the distinguishing features between 
gooa and poor silage. This suggestion is in harmony with the 
work of Manns previonsly cited. 
Isobutyric acid was probably not present in an." apprec iable 
quantity. We determinea the Duclaux constants for this acid 
ana found them much higher than those for butyric acid. 
Formic acia was found in several samples in small alllonnts. 
rrhe alcohols of silage were found to occur in the same oraer of 
importance as their corresponding acids,-thus ethyl alcohol 
was present in greatest amount, then propyl and lastly higher 
alcohols only in traces. Esters occurred only in traces. 
The sample of spoiled silage containea practically no volatile 
acid, either in the free state or in the form of salts. 
